Dermal exposure needs to be addressed in regulatory risk assessment of chemicals. The models used so far are based on very limited data. The EU project RISKOFDERM has gathered a large number of new measurements on dermal exposure to industrial chemicals in various work situations, together with information on possible determinants of exposure. These data and information, together with some non-RISKOFDERM data were used to derive default values for potential dermal exposure of the hands for so-called 'TGD exposure scenarios'. TGD exposure scenarios have similar values for some very important determinant(s) of dermal exposure, such as amount of substance used. They form narrower bands within the so-called 'RISKOFDERM scenarios', which cluster exposure situations according to the same purpose of use of the products. The RISKOFDERM scenarios in turn are narrower bands within the so-called Dermal Exposure Operation units (DEO units) that were defined in the RISKOFDERM project to cluster situations with similar exposure processes and exposure routes. Default values for both reasonable worst case situations and typical situations were derived, both for single datasets and, where possible, for combined datasets that fit the same TGD exposure scenario. The following reasonable worst case potential hand exposures were derived from combined datasets: (i) loading and filling of large containers (or mixers) with large amounts (many litres) of liquids: 11 500 mg per scenario (14 mg cm À2 per scenario with surface of the hands assumed to be 820 cm 2 ); (ii) careful mixing of small quantities (tens of grams in <1l): 4.1 mg per scenario (0.005 mg cm À2 per scenario); (iii) spreading of (viscous) liquids with a comb on a large surface area: 130 mg per scenario (0.16 mg cm À2 per scenario); (iv) brushing and rolling of (relatively viscous) liquid products on surfaces: 6500 mg per scenario (8 mg cm À2 per scenario) and (v) spraying large amounts of liquids (paints, cleaning products) on large areas: 12 000 mg per scenario (14 mg cm À2 per scenario). These default values are considered useful for estimating exposure for similar substances in similar situations with low uncertainty. Several other default values based on single datasets can also be used, but lead to estimates with a higher uncertainty, due to their more limited basis. Sufficient analogy in all described parameters of the scenario, including duration, is needed to enable proper use of the default values. The default values lead to similar estimates as the RISKOFDERM dermal exposure model that was based on the same datasets, but uses very different parameters. Both approaches are preferred over older general models, such as EASE, that are not based on data from actual dermal exposure situations.
INTRODUCTION
Dermal exposure is one of the issues that need to be addressed in the assessment of exposure for regulatory risk assessment of chemicals. In risk assessment of agricultural pesticides, the skin has been recognized to be a major route of exposure for many years now. Therefore, several models and databases exist to enable dermal exposure assessment for pesticide handlers, workers and bystanders (van Hemmen, 1992; Hamey, 1995; EUROPOEM, 2002) .
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More recently, models have been developed for dermal exposure to biocides (ECB, 2002a) .
The importance of dermal exposure has not been so clear for industrial chemicals. Some models have been created and used for dermal exposure of workers to industrial chemicals. These include general models such as a model used by US EPA (IT Environmental Programs, Inc., 1991) and EASE (Estimation and Assessment of Substance Exposure; ECB, 2003a) and some very specific models Semple et al., 2001) . The general models, used in regulatory risk assessment processes, are largely based on only a few experimental data and have not been validated to any reasonable degree. The dermal part of the EASE model is considered not to be based on sufficient scientific knowledge and therefore not to be very useful (Cherrie et al., 2003) . The very specific models require detailed and specific information that is generally not available to exposure assessors in the scope of regulatory risk assessment. The need for better dermal exposure models, which are based on data from practical dermal exposure situations, is therefore urgent (Marquart et al., 1994 Dost, 1995; Fenske, 2000; Boeniger, 2003; van Hemmen, 2004) . This was one of the reasons for starting the RISKOFDERM project (EU Fifth Framework Program, project QLK4-CT-1999-01107) . This project had two main goals : (i) the creation of dermal exposure model(s) for use in regulatory risk assessment of substances and (ii) the creation of a toolkit for risk assessment and risk management of dermal exposure in smalland medium-sized enterprises (SMEs). The work on dermal exposure model(s) for regulatory risk assessment resulted in two separate approaches. The first approach is a model, based on statistical relations between measured data and potential exposure determinants. The second approach is the derivation of so-called 'default values' for relatively well described situations, based on a subset of the measured data. The latter approach is the subject of this publication. The former approach is described in a companion paper (Warren et al., 2006) .
Default values are used extensively in risk assessment. It is an efficient way of linking exposure situations to exposure levels or rates, because there is no need for independent interpretation of all data in every assessment. The use of agreed default values also provides the opportunity to harmonize and standardize the interpretation of measured data by different assessors and to increase the transparency of the assessments.
The purpose of this publication is to propose such a set of default values for potential dermal exposure of the hands. Data from RISKOFDERM are also available for body exposure. However, only hand exposure default values are presented here, because only hand exposure is presently assessed for new and existing substances.
The RISKOFDERM project
Fifteen research groups from 10 member states of the European Union participated in the RISKOF-DERM project. It consisted of four separate, but highly linked, work parts :
(i) Qualitative assessment of dermal exposure in a large number of situations; (ii) Quantitative assessment of dermal exposure in a smaller number of situations; (iii) Creation of benchmarked dermal exposure model(s) for regulatory risk assessment; (iv) Creation of a toolkit for SMEs for assessment and management of dermal exposure.
Possible determinants of dermal exposure were studied by the analysis of available literature and unpublished data. This resulted in a number of parameters to be studied, together with measurements of dermal exposure, to allow modelling of dermal exposure . A structured questionnaire/checklist was developed based on a previous version (Hebisch and Auffarth, 2001 ) to gather qualitative information on substances used, methods of use, routes of exposure, exposure control measures and other parameters needed for modelling, as well as on expected or observed contamination of the skin. The questionnaire was used by trained observers for gathering qualitative information in a large number of situations . Measurements were done by several research groups in exposure scenarios covering a large number of dermal exposure situations. Potential dermal exposure was measured (i.e. all contamination reaching the skin or the covering clothing or gloves) separately for hands and body. Methods and results of these measurements were reported in a number of publications Fransman et al., 2004; Gijsbers et al., 2004; Hughson and Aitken, 2004; Mäkinen and Linnainmaa, 2004a,b; Roff et al., 2004a,b) . During these measurements, a modified version of the structured questionnaire/checklist was used to gather information on parameters needed for modelling. Next to the data reported in the above-mentioned publications, additional RISKOFDERM data, gathered in the process of benchmarking the preliminary dermal exposure models, were also used in the derivation of default values. Details from these additional datasets have not been published in the scientific journals (yet), but are available in the so-called 'deliverables' of RISKOFDERM (RISKOFDERM DL 40, 2003; RISKOFDERM DL 41, 2003; RISKOFDERM DL 42, 2003; RISKOFDERM DL 43, 2003) . The additional datasets regarded the scenarios presented in Table 1 . All RISKOFDERM data were combined with other useful measured data and information available to the researchers for statistical modelling of dermal exposure (Warren et al., 2006) .
Apart from RISKOFDERM data, a small group of other datasets, previously used in drafting the Technical Guidance Document on Risk Assessment (for new and existing chemicals; TGD) (ECB, 2003a) and reproduced in Fehrenbacher et al. (2003) was used in drafting the default values. Details on methods used in these studies are reported in the original reports, which have not been published in a scientific journal (Lansink et al., 1996 (Lansink et al., , 1998 HSE, 1999; Preller and Schipper, 1999) .
DEO units, RISKOFDERM scenarios and TGD exposure scenarios
The complex realm of dermal exposure in all possible work situations cannot be described by a simple general model or a simple set of default values. However, it is also impossible to construct an infinite number of separate models or exposure ranges for all possible situations. Therefore, the conceptual model of dermal exposure published by Schneider et al. (1999) was used in RISKOFDERM as a basis for clustering all possible exposure situations in socalled Dermal Exposure Operation units (DEO units).
The main purpose of the DEO units is to cluster dermal exposure situations with similar routes of exposure and similar exposure sources (Table 2) and with similar (expected) relations between exposure determinants and exposure levels . The DEO units may theoretically lead to perfect separation of one work situation from another. However, in practice, boundaries between DEO units are not clear-cut. For example, almost all work situations will involve some kind of 'handling of objects'. The handling of a can of paint and a spray gun cannot be fully separated from the actual spraying of paint. However, as far as possible, the filling of a spray gun by pouring paint from a container into the reservoir of the spray gun would be classified as 'handling of objects', while the actual spraying would be classified as 'spray dispersion of products', although this would involve holding the spray gun, moving about the compressed air line and perhaps handling the object to be sprayed to reach all parts of the object. Similarly, 'immersion' of an object in a product always includes an element of 'handling of objects'. DEO units still cover highly variable situations with regard to substance and product (e.g. liquid, powder), amount of product used and exposure control (ventilation, personal protective equipment). In some of these measurements the application of the product by means of a hand-held trigger sprayer was included.
471 Dermal exposure in regulatory risk assessment of chemicals Furthermore, within a DEO unit there may be substantial differences in techniques and specific tasks of workers. Spreading of a product with a hand-held tool can, e.g. be done by a brush, a rake, a spatula or a roller. This may lead to substantial differences in contamination of the tool, in probability of splashing and in potential for contact with contaminated surfaces. Therefore, there may be substantial differences in exposure levels or exposure rates within a DEO unit. A further division of the DEO units was therefore made into clusters of situations with more similarities (called 'scenarios'). This clustering was largely based on the purpose of the activity (including handling of a product or object) that leads to possible exposure. For the purpose of this publication, these clustered situations will be called 'RISKOFDERM scenarios'. Statistical evaluations of the RISKOFDERM scenarios and the DEO units were published by Rajan-Sithamparanadarajah et al. (2004) and Kromhout et al. (2004) . The term 'scenario' can have very different interpretations in another context, even in the scope of risk assessment. The TGD (ECB, 2003a) defines an 'exposure scenario' as follows: 'An exposure scenario is the set of information and/or assumptions that tells us how the contact between the worker and the substance takes place. It is based on the most important characteristics of the substance in the view of occupational exposure, e.g. the physical state, the vapour pressure as well as on its uses, processes, tasks (description, duration, frequency of exposure) and controls'. This definition may lead to more precisely defined scenarios than the RISKOFDERM scenarios. Such more precisely defined scenarios will be called 'TGD exposure scenarios' in this publication. For instance, the RISKOFDERM scenario 'sawing' (scenario 6.4 in Rajan-Sithamparanadarajah et al., 2004) might contain several TGD exposure scenarios, including, e.g. 'sawing of trees with a chain saw', 'sawing of wood with a hand saw without ventilation' or 'sawing of wood with a circular saw under local exhaust ventilation'. The current risk assessments of existing substances in Europe use more or less precisely defined scenarios. Some are very specific, such as 'Decomposition of photoresist materials during the production of integrated circuits ' (ECB, 2002b) , while others are very broad, often including several RISKOFDERM scenarios, generally within one DEO unit. An example of the latter is 'Production of products containing dibutyl phthalate ' (ECB, 2003c) , which largely is in DEO unit 'Handling of objects' and may include several of the RISKOFDERM scenarios in that DEO unit, such as 'transferring, transporting', 'coupling/decoupling of transfer lines' and 'loading (of liquids)'. The conclusions on such scenarios may also include exposures that would be part of other DEO units, such as 'Dispersion of products with a hand-held tool', e.g. when spilled amounts of liquid are removed from the floor by mopping. For the purpose of this publication it is essential to keep in mind that the RISKOFDERM scenarios, the TGD exposure scenarios and the loosely defined scenarios that are often used in risk assessment reports can be very different (groups of) situations, even if the name is similar.
It was not intended by the RISKOFDERM project to define an exhaustive list of all possibly relevant RISKOFDERM scenarios within each DEO unit. 'Direct contact' = direct contact of parts of the (covered) skin with a product in a reservoir or with a flow of product; 'surface contact' = contact of parts of the (covered) skin with substances spread on a surface (either on purpose or due to contamination); 'deposition, impaction' = contact of parts of the (covered) skin with an aerosol or a 'jet' or 'spray' of products through the air. 'Object' = a solid object, such as a container, a bag, a table, paint gun.
c 'Products' can be both formulations or preparations as well as pure substances; in the original description of the DEO units the word 'substance' is used instead of 'product'. Table 3 shows the list of RISKOFDERM scenarios within the DEO units distinguished in the project. The RISKOFDERM scenarios should, under practical conditions and in real work situations be observable, measurable, attributable to the task within the scenario and applicable to many industries . The activities considered to constitute the RISKOFDERM scenarios were described to ensure a reasonable coherence within the RISKOFDERM scenarios. As an example, the RISKOFDERM scenario 'rolling' that is part of DEO unit 'Dispersion of products with a hand-held tool' was considered to be constituted of the activities: (i) 'dipping of roller into product', and/or (ii) 'spraying of product onto surface' and (iii) 'dispersion of product with roller'. By breaking down RISKOFDERM scenarios into these activities, a more or less equivalent interpretation of the terms used was reached between the international research groups doing measurements in this project. Apart from specific activities for specific RISKOFDERM scenarios, some more general activities that can occur in several RISKOFDERM scenarios (under several DEO units) were also defined. These included several variants of the general activities 'manually transferring object(s) from one position to another position' and 'cleaning equipment used for scenario ' (RISKOFDERM DL 17, 2003) .
Default values for exposure scenarios
The approach of deriving default values of exposure (in mass, loading (mg cm
À2
) or rates of these) for exposure scenarios from actual measured data has been used before, both for inhalation and for dermal exposure. They are sometimes referred to as 'surrogate exposure values ' (van Hemmen, 1993) . The general approach is first to gather independent datasets with reliable quality (Tielemans et al., 2002) . Datasets are grouped according to scenario. Within a scenario, a further grouping may be done per subscenario, e.g. liquids and powders are grouped separately. The output (i.e. exposure parameters) of the datasets is converted, where necessary, to the same units (e.g. mg, mg m À3 or mg cm À2 h
À1
). Then the datasets are presented as a group of datasets. This can be done by compiling data points and/or parameters of distributions in graphs, as done for pesticides by van Hemmen (1992) or for filling of liquids into containers by Beijer et al. (1998) . Another method is to compile relevant parameters of the exposure distribution of each dataset per scenario into a table, very similar to the presentation of exposure data for specific scenarios in the risk assessment of existing substances in Europe (see e.g. Table 4 .1 in the EU Risk Assessment Report on Methyl Acetate; ECB, 2003b). The compiled evaluation is then further assessed to estimate values to be used for risk assessment. One value often estimated is the 'typical' or 'normal' or 'average' value. In the TGD (ECB, 2003a) the 'Typical exposure' is defined as: 'an estimate of the approximate location of the median levels of exposure over the whole spectrum of likely circumstances of use for each scenario'. A value that is actually more often used in risk assessment as estimator of exposure for risk assessment is the 'reasonable worst case' value. The TGD (ECB, 2003a) describes the reasonable worst case as follows: 'the reasonable worst case is regarded as the level of exposure which is exceeded in a small percentage of cases over the whole spectrum of likely circumstances of use for that particular scenario. It excludes extreme use or misuse but can include the upper end of normal use as it is recognised that control of exposure may be poor or non-existent. To decide the reasonable worst case, all measured datasets and qualifying information gathered for a particular scenario should be considered. Since the aim is the identification of highly exposed workers, the aim is to try to approximate to the 90th percentile values'.
Whereas in the TGD an estimator of the 90th percentile is used to represent the reasonable worst case, in other risk assessment processes another percentile may be estimated, e.g. the 75th percentile or the 95th percentile (ECB, 2002a) .
The estimation of the parameters can theoretically be done by means of formal statistical testing. This requires that the datasets adhere to rather stringent criteria. Most notably, there should be sufficient information to show that the data are from one population. Furthermore, all separate values should be available. And, if several sets are to be combined, there should be a method to correct for the influence of the size of the datasets. In practice, the available datasets do not adhere to such criteria. Often literature data sources are used that present only statistical parameters of the distribution. Furthermore, information is generally lacking that would enable correction for different sizes of datasets (e.g. the percentage of situations sampled from the total population in the target group, or the total size of the population). Therefore, default values representing parameters of the exposure distribution, such as 'typical values' and 'reasonable worst case values' are generally estimated in a less formal method. The reasonable worst case may be estimated from a graph by drawing a line in the graph somewhere in the high end of the area where the 90th percentiles or maxima are situated on the graph (van Hemmen, 1992) . When data are compiled in tables, the derivation of the reasonable worst case estimator is, for example, done by taking the 90th percentile of the largest dataset (if one dataset is clearly larger than the others) or by taking one of the higher values out of 90th percentiles from different datasets. In any case, a large element of 'expert judgement' is included in this process.
METHODS
In the RISKOFDERM project, default values for 'typical' and 'reasonable worst case' potential dermal exposure of the hands were derived based on tabulated data. A more or less 'rounded' value was chosen for each dataset in a way that resulted in $10% of the measured values (e.g. 3 out of 30) being above this value. This approach was chosen above statistical calculation of the 90th percentile (e.g. from the geometric mean (GM) and the geometric standard deviation (GSD)), because it results in rounded values and more precisely calculated 90th percentiles would suggest an unwarranted precision in the values. Defaults for the body are not presented here, because the practice in risk assessment of new and existing chemicals so far has been to assess only dermal exposure to the hands and because existing sets or default values for industrial chemicals are also only available for hands.
All exposure levels were expressed as exposure to the total product used. This was done by dividing the values measured for a specific substance that was part of the product by the fraction of substance in the product.
The conclusions on reasonable worst case and typical potential dermal exposure levels from the non-RISKOFDERM data were used without further handling as they were derived in the creation of the table of default values presented in the TGD (ECB, 2003a) and reproduced in Fehrenbacher et al. (2003) . This table of default values is accompanied by notes on the separate studies, including some information on the techniques used, products handled, amounts used and duration of measurements. Not all the values presented in these sources were used in this project. Only datasets with sufficient reported information on relevant determinants, such as amounts used and duration of sampling, and at least 10 data points were taken into account.
All possibly useful datasets were first tabulated, compiling the following type of information per separate dataset.
A brief description of the major characteristics of the defined TGD exposure scenario. A rough indication of the range of durations found within the scenario. If a scenario occurred repeatedly in one work shift, the duration of one occurrence was used. A rough indication of the relevant range for amount of product handled (if relevant). A very rough indication of the relevant range for area of surface treated (if relevant). Other relevant information: e.g. on the presence of local exhaust ventilation, the type of spraying technique or relevant details of handling specific for the dataset. Any other general remarks. Assumed exposed skin surface area (standard assumption in RISKOFDERM: two hands = 840 cm 2 ). Reasonable worst case exposure mass (in mg) over two hands. Reasonable worst case exposure loading (mass cm À2 exposed skin surface). Typical exposure mass (in mg) over two hands. Typical exposure loading (mass cm À2 exposed skin surface). Brief description of the reasons for choosing the reasonable worst case value.
The original results for solids were generally expressed in terms of mass. Some original results for liquids were expressed in terms of mass and others in terms of volume. In the latter case, they were converted into terms of mass using information on the density of the liquids. A density of 1 kg l À1 was assumed if information on the density was not available.
This step resulted in default values per separate dataset with a description of the relevant scenario.
The second step was to pull together those datasets that were considered highly similar in the set of descriptive parameters tabulated per set. These were considered to be part of a single clustered 'TGD scenario'. If the default values per dataset within a cluster were sufficiently similar, as judged by the authors and not by using formal statistical techniques, new default values per clustered TGD scenario were chosen based on the separate default values. If the default values were very different, no default values per clustered TGD scenario were derived. If only one dataset existed for a scenario, the default values from that dataset were considered to be indicative default values for a TGD scenario. However, this was only done if the number of measurements was at least 10, because a dataset with a lower number of measurements is considered to be poor, in agreement with Tielemans et al. (2002) .
RESULTS

Summary of measured data
The results of most measured datasets in RISKOFDERM have been published elsewhere.
Two publications present an overall view of the results of these measurements Rajan-Sithamparanadarajah et al., 2004) . A total of 375 potential dermal exposure levels were available from these datasets in RISKOFDERM. By far most of them (151) were from handling of objects, which is also the DEO unit with most described RISKOFDERM scenarios. Relatively small numbers of exposure data were available for dispersion with a hand-held tool (n = 30) and for immersing (n = 29). No potential dermal exposure data were available for mechanical treatment of solid objects, largely because workers used mechanics gloves to protect them from cutting and bruising themselves at machines used for sawing, grinding, etc. and at sharp edges and rough surfaces of the objects being treated. Measurement of potential dermal exposure of the hands in these situations was not feasible. Exposure loading rates varied widely with by far the lowest levels for very careful mixing of cancer treatment drugs in hospitals. These levels were generally below 1 ng cm À2 min À1 . The highest potential dermal exposure loading rates were found in large scale wiping with a geometric mean for wiping with large quantities of biocide solution of 2300 mg cm À2 min À1 (Hughson and Aitken, 2004) . The variation in potential dermal exposure levels is very high if data are pooled per DEO unit or per RISKOFDERM scenario. For RISKOFDERM scenarios with larger datasets (more than 20 measurements) the GSDs ranged from 2.3 in scenario 'rolling' (DEO unit 'dispersion of product with a hand-held tool') up to 27 for scenario 'spray painting' (DEO unit 'spray dispersion of products') (Rajan-Sithamparanadarajah et al., 2004) . However, the analysis of variability components shows that large differences in average dermal exposure levels are present between DEO units and between RISKODERM scenarios. Classification of situations by DEO unit or by RISKOFDERM scenario explained considerable amounts of variability in dermal exposure. Within-worker variability outweighed Number of samples; sets smaller than 10 data points were not used and are not reported. b For a value below the limit of detection (in manual dipping), half the limit of detection was used in calculation of the GM and GSD. 475 Dermal exposure in regulatory risk assessment of chemicals the between-worker component. Within-worker exposure levels on average were within a 40-fold range, while individual mean dermal exposure levels were on average within a 4-fold range. .
Results of the measurements in the additional datasets are presented in Table 4 (based on RISKOF-DERM DL 40, 2003; RISKOFDERM DL 41, 2003; RISKOFDERM DL 42, 2003; RISKOFDERM DL 43, 2003) . These data also showed large variability, both within and between datasets. This was specifically true for dipping (both manual and mechanical), where both very low and very high values were found.
Results from non-RISKOFDERM sources are not presented separately here (Lansink et al., 1996 (Lansink et al., , 1998 HSE, 1999; Preller and Schipper, 1999) .
Derived default values
The tabulated information from the separate datasets is presented in Tables 5 and 6. Table 5 presents the default values and the relative place in the full dataset of the reasonable worst case values. Table 6 presents important parameters that may determine the level of dermal exposure for these situations and the references.
For some of the RISKODERM datasets the number of measurements was considered too limited to use for deriving default values. This regards the following exposure situations: (i) spraying off graffiti remover, (ii) manual dipping into paint remover and (iii) spraying off after dipping into paint remover (all from RISKOFDERM DL 42, 2003) . Two exposure situations, described by two or three sets of measurements that apparently were sufficiently similar to combine for the derivation of default values, resulted in very different default values per dataset. These are presented in Table 7 . The large differences in results could not be sufficiently explained by the level of detail in the information used to combine datasets.
Based on the data and information in Tables 5 and  6 , a number of default values from combined datasets were derived. These values are presented in Tables 8  and 9. Table 8 presents the clustered TGD exposure scenario, the derived default values and the references and Table 9 describes the ranges of values for parameters that may determine the level of dermal exposure within which the combined default values can be considered valid.
DISCUSSION
The use of default values for exposure in risk assessment
Default values for exposure situations structure the analogy approach in risk assessment. This requires that the analogy in both substance and situation is evaluated. The more similar two substances and situations are, the more likely it is that exposure levels for one substance and situation are reasonable predictors of exposure levels for the other substance and situation. Because DEO units are defined to describe the process of exposure and the influence of determinants on these processes, they do not necessarily cluster the level or rate of exposure. Actually, the similarities in exposure levels between different situations within one DEO unit can be very small. This is clear from comparing the careful mixing of cancer treatment drugs with the mixing of large amounts of paint. Therefore, DEO units are not a good basis for default values. The situations clustered in the The default values presented in this publication are for 'TGD exposure scenarios' that are again less variable than the original RISKOFDERM scenarios. In the TGD exposure scenarios more determinants are taken into account than in the RISKOFDERM scenarios, such as the volume of product used, the duration of the scenario and the area treated.
However, the 'TGD exposure scenarios' still contain rather broad groups of substances and have similarity in just a few, potentially very important, determinants of exposure. They are therefore not highly accurate and precise estimators of typical and reasonable worst case exposure levels for all substances and situations 'fitting' in the analogy. Even within rather narrowly defined situations, large variations in potential dermal exposure levels are to be expected, as shown by some of the large GSDs for the measured datasets.
Three types of default values are presented: default values from combined sets of data, defaults from single sets of data for which there is no comparable set and default values from single datasets with comparable sets that result in very different exposure levels. These values can be used in the following stepwise approach.
Step 1. Use default values from combined sets of data (Table 9) if available for the situation to be assessed.
Step 2. Use default values from a single dataset with no comparable dataset (Table 5) if available for the situation to be assessed if no default values from combined sets of data are available.
Step 3. Use default values from a single dataset with comparable datasets that result in very different The value in mg cm À2 is substantially higher than the 10-12 mg cm À2 that is usually considered to be the maximum retainable value exposure levels (Table 7) only for the specific substance and situations or substances and situations that are highly comparable in a large number of aspects, including those that are not included in the parameters described in Tables 5-10 . The uncertainty in the assessments using default values cannot be quantified. However, the uncertainty in default values from combined datasets is lower than in default values from single datasets. The combination of data from different substances and/ or situations leading to similar exposure levels indicates that at least some of the important determinants of exposure are taken into account in the clustering. The more separate datasets lead to similar results, the lower the uncertainty is. On the other hand, the uncertainty is much higher if default values are used based on single datasets when other single datasets, that appear to be similar in important exposure determinants, have very different exposure levels. The very different exposure levels indicate that some important determinants have not been accounted for in the clustering of these sets. For all default value approaches the uncertainty is lowest when substance and exposure situation assessed are the same as those used for deriving the default values.
The default values of liquid substances were generally based on substances with a rather low volatility, such as 2-(2-butoxyethoxy)ethanol (DEGBE) and N-methyl pyrrolidone (NMP). The highest volatile substance measured was styrene, with a vapour pressure of $0.5 kPa at 20 C. The default values cannot be used for much more volatile substances.
In general it should be stressed that default values cannot be used as separate items. They should always be interpreted in the light of the data and circumstances from which they were derived. The tables provided in this publication should therefore always be used cautiously.
For a real work situation, the use of the default values would be part of an overall approach, including:
(i) description of the exposure situation and tasks leading to exposure; (ii) choice of relevant 'TGD exposure scenarios' for the full exposure situation; (iii) establishing the default values to be used per TGD exposure scenario; (iv) establishing a full shift exposure value based on the relevant default values, taking into account possible influences of cleaning of the skin, possible saturation of the skin, etc.
Exposure to a dusty solid pigment in the production of paint containing 1% of the pigment would, for example, consist of the following consecutive TGD exposure scenarios and reasonable worst case default values: 'gathering closed bags of powders' The data presented here are not directly taken from the mentioned references. For RISKOFDERM data the original data have been used to estimate 90th percentiles per dataset; similar derivations have been done for the other references and are presented in the TGD (ECB, 2003a) b These values are for substances with a relatively low volatility and may not be valid for highly volatile substances. (1050 mg), 'loading of mixers with powders' (3000 mg, assuming similarity of the powder with calcium carbonate), 'disposing emptied bags of powder into a container' (900 mg) and 'filling of containers with liquid products' (11 000 · 0.01 = 110 mg). A high estimate of reasonable worst case exposure on a working day would be the sum of all these values, i.e. 5060 mg. It should be considered that the addingup of several reasonable worst cases might lead to an unreasonable worst case. An assessor could therefore decide to use a lower value (e.g. 4000 mg) to account for this effect.
Similar datasets with very different exposures and datasets not used
The fact that apparently similar datasets presented in Tables 7 and 8 do not lead to similar exposure levels can partly be explained by other parameters. For the loading of mixers with powders, several differences point in the direction of higher exposure levels for the non-RISKOFDERM data (Lansink et al., 1996) compared to the RISKOFDERM data (RISKOFDERM DL 40, 2003) . Calcium carbonate is a much dustier substance than zinc oxide. Calcium carbonate was sampled using cotton sampling gloves, while zinc oxide was sampled by wiping. Gloves have been reported to overestimate exposures compared to sampling by hand washing, while wiping has been reported to underestimate in comparison with hand washing (Fenske et al., 1999) . Finally, measurements for calcium carbonate were done in the paint industry and zinc oxide in the rubber industry. The rubber industry is used to handling more toxic components and may therefore have better local exhaust ventilation and other exposure controls. However, the resulting differences in measured potential hand exposure levels are very large and it is difficult to imagine that these aspects fully explain the differences.
The hand exposure levels in the car cleaning study (RISKOFDERM DL 40, 2003) are substantially lower than in the other wiping studies. This was to be expected, because of lower duration of the measurements and the measurement technique (hand washing instead of cotton glove sampling). The application rate is also slightly lower than in the study on wiping of biocides (Hughson and Aitken, 2004) . On the other hand, the application rate is very low in the study on graffiti removal with higher exposure levels (RISKOFDERM DL 42, 2003) .
The exposure loadings (mass per cm 2 exposed), in the studies on wiping surfaces in hospitals and on graffiti removal are very high. Earlier studies on immersion of hands into liquids suggest that the maximum loading of liquids on the skin is in the order of 10-15 mg cm À2 (SAIC, 1996) . This suggests that the measurement technique (cotton gloves) in these studies may have led to substantial overestimations of possible exposure loadings. Another possibility is that the more volatile components of the product, including water, evaporate quickly from the skin while the non-volatile substances stay behind. In those cases the results cannot be extrapolated properly from the substance to the product.
Some data sources previously used for default values for dermal exposure of the hands in ECB (2003a) and Fehrenbacher et al. (2003) were not used in this publication. The datasets presented by Guiver et al. (1997) and by Guiver and Foster (1999) contain only a few measurements of potential dermal exposure, because most measurements have been done underneath (protective) gloves. The datasets by Marshall et al. (1992) were also too small (n = 8 for both). The default values based on Roff (1997) were based on extrapolations using the statistical relation between determinants and potential dermal exposure of the hands presented by Roff (1997) and can therefore not be compared directly with the default values presented here. However, they are in the same range as the default values here. This suggests that the default values presented here can be used to estimate exposures for similar situations. Only 7 of 10 data points from Boeniger et al. (1992) for lay-up had enough information to calculate exposure in terms of product.
The information on the TGD exposure scenarios considered in this publication is limited. A slightly extended set of information on the scenarios can be found in the original evaluation of these TGD exposure scenarios made in the scope of the RISKOFDERM project (RISKOFDERM DL 43, 2003) .
Comparison of default values with the RISKOFDERM dermal exposure model
The use of default values is only one way to use the results from RISKOFDERM. Another way is to use the models that were based on statistical analyses and calculate exposure levels based on the relations with exposure determinants (Warren et al., 2006) . A direct comparison of the two methods is not easy. Where the default values cluster situations in TGD exposure scenarios, the models are based on DEO units and they take account of the influence of determinants within the DEO units. The parameters used in the models are not used as such in the default values. However, a limited indicative comparison can be made by making assumptions on these parameters based on available information. This was done for the default values for clustered TGD exposure scenarios only. The assumptions for the model were based on data from the larger qualitative study in work part 1 (RISKOFDERM DL 17, 2003) if the parameters were not expected to be very much related to specific (sub)scenarios (e.g. ventilation parameters for filling of large quantities). If the parameters were expected 483 Dermal exposure in regulatory risk assessment of chemicals ). To account for the high use rates in filling a value higher than 25 l min
À1
and lower than 100 l min
has been chosen arbitrarily.
f Application rates were not calculated correctly for part of the data, because those data were full shift measurements and not only measured during application only.
g Measured values had sampling times up to 21 min (parquet lacquering) and full shift (screen printing). 486 H. Marquart et al. to be more related to the specific situations on which the defaults were based, the assumptions were based on information from the specific situations (e.g. use rates in all situations). The results are presented in Table 11 . The comparison of default values and model outcomes is highly dependent on the input choice for each parameter in the model. Due to the variation in these parameters within the TGD exposure scenarios this choice is rather arbitrary. However, the results presented in Table 8 do indicate that the two methods largely agree, i.e. the median of the model, using reasonable worst case input values, is generally between the typical value of the TGD exposure scenario and the reasonable worst case value of the TGD exposure scenario, generally closer to the reasonable worst case value. In one case (spreading of a liquid with a comb on a large surface area), the model outcome is higher than the reasonable worst case default value for this TGD exposure scenario. This may be due to a high input value for the application rate. Using half the application rate (0.25 l min À1 ) leads to a value of 79 mg, instead of 161 mg and this value is well within the range of the default values.
The fact that the two methods give rather similar results is not surprising, as they are largely based on the same sets of data. Only for spraying a substantial number of data, not used for deriving the default values, was used for the model. This provides a slightly more 'independent' comparison, although most of the data used in the model were also used in derivation of the default values. Highly variable datasets were used with very different methods of data analysis. This might have lead to large differences in outcome when the results of the analyses are compared, but this is not known to be the case.
An advantage of the default values is the fact that they do not require choices on input values. These may be difficult to make, even if exposure has to be assessed for a specific situation, because none of the input values is necessarily fixed for the situation to be assessed. On the other hand, use of the default values requires that the analogy between the situation to be assessed and the situation described by the default values is evaluated. This may also be rather difficult and the assessor may find that it is difficult to transparently present the argumentation why a situation is or is not sufficiently analogous. In the model, built on the data, exposure rates (mg min À1 ) are calculated, because the exposure appears to be more or less linearly related to exposure duration (Warren et al., 2006) . Such a relation is not necessarily true outside of the range of measurement durations studied. It may also only be valid after taking into account other sources of variation, which is done by the model, but not by the default values. Expressing the default values as rates would facilitate misinterpretation and extrapolation of the data beyond their validity range. This is prevented by expressing data as mass and restricting the use of the default values to exposure situations within a defined set of conditions, including exposure duration.
CONCLUSIONS
RISKOFDERM has resulted in a large number of potential hand and whole body exposure levels, together with useful information on products, techniques, equipment, exposure control and other potential determinants of exposure. Combining the RISKOFDERM datasets with a few non-RISKOFDERM datasets has resulted in five sets of (clustered) default values for hand exposure, cf. the format used in the present TGD, for use in risk assessment with relatively limited uncertainty and several more sets of default values with more uncertainty (because of their smaller basis). The default values are for a specific level of aggregation of situations, here called 'TGD exposure scenarios'. This level of aggregation is more useful than the levels 'DEO unit' and 'RISKOFDERM scenario', because it takes account of some highly important determinants. A stepwise approach, with increasing uncertainty in the default values, is presented for use of these default values. The use of these default values with the stepwise approach should be preferred over the use of EASE (ECB, 2003a) , as for dermal exposure assessment EASE is not regarded to be very suitable and has no real scientific basis (Cherrie et al., 2003) .
Large parts of the realm of industrial or professional dermal exposure situations are not covered by the present sets of default values. Future datasets can be used to add new sets of default values and to improve existing ones. Where no applicable default values are available, the use of the RISKOFDERM dermal exposure model should be preferred. Even for situations with default values this RISKOFDERM dermal exposure model may be as useful as the default values, because it takes account of more determinants, while still being reasonably easy to use.
